Abstract In the present study, paclitaxel was archaeosomed to reduce side effects and improve its therapeutic index. Carriers have made a big evolution in treatment of many diseases in recent years. Lipid carriers are of special importance among carriers. Archaeosome is one of the lipid carriers. Paclitaxel is one of the drugs used to treat breast cancer which has some unwanted side effects despite its therapeutic effects. Archaeosomes were extracted from methanogenic archi bacteria and synthesized with a certain ratio of paclitaxel in PBS. The mean diameter of archaeosomal paclitaxel was measured by Zeta sizer instrument, Drug releasing of archaeosomal paclitaxel was examined within 26 h which results showed that the most drug releasing occurs during first 3 h. The cytotoxicity effect of archaeosomal paclitaxel on breast cancer's cell line was evaluated by MTT assay which results showed that the cytotoxicity effect of archaeosomal paclitaxel on breast cancer's cell line is more than that of the standard paclitaxel formulation. The results indicated that new drug delivery of paclitaxel using archaeosome, increases the therapeutic index of the drug.
Introduction
The issue of controlled drug delivery to body is one of the key issues in drug delivery industry. Hence, carriers have been studied as anti-cancer drug delivery agents. In addition to improve the treatment of prevalent diseases, they extend the economic life of drugs [1] . Carriers enhance drug solubility, control drug release, reduce side effects and improve drug biodistribution [2] . Over the last decades, drug delivery based on lipids has attracted more attentions among these carriers [3] . Archaeosomes are lipid carriers whose structure is made of archaeo bacterial membrane lipids including di-ether or tetra-ether [4] . They are biocompatible and biodegradable and non-toxic in in vivo conditions [5] .
Paclitaxel is one of the drugs used to treat breast cancer. This anti-cancer agent is used to treat breast, ovarian, head and neck, and non-small cell lung cancers [6] .
Present work intends to study archaeosome paclitaxel in order to improve its therapeutic index and reduce side effects.
Materials and Methods

Materials
Paclitaxel and MTT solution (0.5 mg/ml) were purchased from Sigma Chemical Co., USA. Ethanol, isopropanol, DMSO, Pepton, Yeast extract, HCl, KCl, Mg 2 Cl 2 Á5H 2 O, MgSO 4 Á7H 2 O and CaCl 2 Á2H 2 O as well as RPMI 1640 medium were purchased from Merch Co. and Invitrogen Co., respectively. Also, MCF-7 cell was obtained from Pasteur Institute, Iran.
Archaeal Strains and Growth
In order to prepare, growth media, certain ratios of Pepton, Yeast extract, HCl, KCl, Mg 2 Cl 2 Á5H 2 O, MgSO 4 Á7H 2 O, CaCl 2 Á2H 2 O were dissolved in 8 ml of PBS pH 7.4. After autoclaving at 121°C for 15 Archi bacterium was added to medium and placed in shaker incubator for 48 h at 30°C and 150 rpm. Proper growth of bacteria in culture medium after 48 h was ensured by counting. Afterward, culture medium containing bacteria was centrifuged (4,000 rpm, 15 min). The clear supernatant was removed and precipitated phase containing cells was dissolved in 20 ml of PBS. Archi bacteria morphology was determined using an optical microscope (Fig. 1) .
Extraction of Archaeosome from Cells and Preparation of Archaeosomal Paclitaxel
Archaeosomes were extracted according to Bligh and Dyer method. In this method after washing cells with cold PBS the solution was homogenized with a mixture of chloroform and methanol in such proportions that a miscible system was formed with the water in the cells. Diluting system with water and chloroform resulted in phase partitioning and formation of two separate layers. In this case, chloroform layer contains lipids [7] . Total polar lipids (TPL) were precipitated using cold acetone and resuspended and stored in chloroform/methanol [8] .
Archaeosomes were prepared by hydrating extracted TPL in PBS containing 10 mg of paclitaxel dissolved in 100 ll of DMSO. In order to uniform the size of archaeosomes and increase drug loading efficiency, the solution was sonicated (Bandelin Sonorex Digitec, 60 Hz) for 10 min.
Size Measurement of Particles
The mean diameter of particles was measured by Zeta sizer device (Malvern Instruments Ltd.).
Loading Efficiency 1 ml (2.5 mg) of prepared formulation was centrifuged (13,000 rpm, 30 min, 4°C) for studying the amount of loaded paclitaxel. Afterward, the light absorbance of supernatant of archaeosomal paclitaxel formulation was measured at 227 nm by spectrophotometer (UV-1601 PC, Shimadzu Co.) and loading efficiency was calculated using the below formula [9] :
Different concentrations of paclitaxel were prepared as series and absorbance was measured at 227 nm to plot the standard curve.
In Vitro Release Study
Studying the pattern of drug release from archaeosomes was carried out by pouring 1 ml (2.5 mg) of archaeosomal paclitaxel in a dialysis bag in 100 ml of phosphate buffered saline PBS pH 7.4 placed on a magnetic stirrer (26 h, 37°C). Then, the drug released in PBS was measured at 227 nm in different time intervals within 26 h and the percentage of released paclitaxel was obtained using drug standard curve.
Cytotoxicity Assay 100 ll of culture medium containing 10000 MCF7 cells was decanted in 96-well plates and incubated (5 % CO 2 and 37°C). The supernatant of cells was removed after 24 h and different concentrations of archaeosomal paclitaxel and its control was poured on cells and then incubated for 24 h. Afterward, the supernatant was removed and 100 ll of MTT solution (0.5 mg/ml) was added. 3 hours after incubation, purple color in live cells (due to the formation of formazane) was dissolved in 100 ll of isopropanol and absorbance was measured at 570 nm by the Power Eave XS spectrophotometer. Thereupon IC50 was calculated using Pharm program. The results are expressed as mean ± standard deviation (SD, n = 3). The data were statistically analyzed by oneway analysis of variance using IBM Statistics SPSS software version 19, and significant difference was set at p \ 0.05.
Results
Size Measurement of Particles
The mean diameter of archaeosomes in archaeosomal formulation was 521.4 nm.
Loading Efficiency
Loading efficiency of drug was calculated with according to standard curve of paclitaxel. Considering the formula of loading efficiency (Formula 1) the amount of non-loaded drug was obtained that the percentage of loaded drug was calculated 99.1 ± 3.7 % within 26 h by subtracting it from the initial amount of drug.
In Vitro Release Study
Using the standard curve of paclitaxel, the amount of released paclitaxel of archaeosomal paclitaxel was obtained during 30, 60 and 90 min, 2, 3, 4, 5, 6, 24, 25 and 26 h time intervals. The percentage of released paclitaxel was 0.149 % after 26 h. The releasing pattern of archaeosomal paclitaxel is shown in Fig. 2 .
Cytotoxicity Assay
Drug toxicity of archaeosomal paclitaxel was investigated in different concentrations based on MTT assay and results are illustrated in Fig. 3 .
Discussion
Targeted drug delivery is a novel procedure for treatment of various diseases. It has been proved that carriers are capable to deliver drug to targeted cells [1] . By the same token, archaeosomes are a kind of lipid carriers. Presently, using ordinary liposomes is accompanied with a the major challenge of instability [10, 11] . Archi bacterial lipids have a unique structure in comparison with other phospholipids. These lipids are made of isoprenoid chains attached to glycerol [12, 13] . This structure creates distinctive features such as stability against oxidation, pH increment and dealing with bile salts and lipases [8] .
This paper perused the effect of the archaeosomal paclitaxel formulation on breast cancer's cell line.
Results of the particles' mean diameter measurement of the archaeosomal paclitaxel formulation, confirmed particles' size in nano dimensions [14] . In addition, considering the amount of loaded drug illustrated a considerable amount of loaded paclitaxel. The drug releasing pattern in different time intervals was studied by dialysis method. This study represented that drug release is relatively slow and using archaeosomes as drug delivery agents has a significant role in decelerating the rate of drug release, as expected.
As can be seen in Fig. 3 , releasing paclitaxel includes fast and slow phases. Furthermore, the amount of drug release is more during first 3 h.
Considering above points, using archaeosomal nanocarriers for Paclitaxel results in a considerable reduction in amount of required drug due to targeted delivery and slow rate of release. Slow rate of release arises from the stability of this carrier due to their physiochemical properties which is also reported by other researchers. Li et al. [15] examined safety potentials of archaeosomes fabricated of PLEE (Polar lipid fraction E) as oral vaccine delivery instruments which results indicated that archaeosomes had remarkable stability in simulated gastrointestinal environments and increasing the lifetime of antigens labeled by fluorescent in digestive system after oral prescription. Li et al. [15] investigated archaeosomes' potential as a carrier for oral drug delivery of the peptide drugs (insulin) on diabetic rats [15] . The results of Krishnan et al. [16] research showed that archaeosome has not any toxicity on rats, even in long-term. These reports are in accordance with our records. Gonzalez et al. [17] reported same results for ARC. The cytotoxicity effect of the archaeosomal paclitaxel formulation probed by MTT assay and as a result the archaeosomal formulation without any drug indicated a negligible cytotoxicity effect on MCF-7. Figure 3 indicates that the cytotoxicity effect of the archaeosomal paclitaxel formulation is more than standard paclitaxel. It may come from the fact that the formulation containing archaeosome represents more stability to different conditions (pH, temperature, lipases, etc.) and because of lipid coverage its drug release is less than standard drug.
It can be concluded that archaesome is a convenient lipid carrier for Paclitaxel according to in vitro experiments reported in this paper. Future researches can be focused on modification of archaeosomal carriers to develop their characteristics followed by in vivo studies.
